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ABSTRACT

Methods were developed for the rapid detection of
coliforms and Escherichia coli in breaded shrimp.
The rapid procedures were based on fermentation
of lactose in Lauryl Tryptose broth by coliforms and
E. c o l i .

Solids from breaded shrimp homogenate and

further dilutions were harvested by centrifugation.
solids containing breading,

The

shrimp, and micro-organisms

were mixed w i t h 0.5 ml of Lauryl Tryptose broth and the
mixture covered with an agar plug.

The tubes were

inverted and incubated for 12 hours at 35°C and 44.5°C
respectively.

The tubes were checked hourly for gas

production and the results recorded.

The use of small

amounts of media, massive innocula, and more efficient
collection of fermentation gases permitted accurate
testing in 12 hours or less.
Rapid tests for the microbial analysis of shrimp
products are vital for efficient quality control.

The

procedures developed produced final results in 12 hours
or less as compared with the 24 to 72 hours necessary
for comparable results using official methods of analy
sis.

viii

The rapid tests had the advantage of large reduc
tions in the time necessary for analysis and use of
much smaller amounts of media.

INTRODUCTION

Today's seafood processing operations are confronted
with the necessity of instituting a more rapid process
ing time and a speedy delivery of the final product to
the consumer, while efficient quality assurance is
maintained constantly.

These facts are particularly

true in the shrimp industry where increased automation
in processing is significantly reducing the time these
perishable products remain in the plants.

Quality as 

surance and control methodology based on microbiological
guidelines has not kept pace in the development of more
rapid and inexpensive laboratory tests.

Presently,

laboratory results are not known in many cases until
after the product has been processed,

left the plant,

or even after delivery to the consumer.
This situation is very disconcerting to food pr o 
cessors in light of increasing consumer concern and
accelerated governmental involvement in quality enforce
ment.

The potential penalities for ineffectual quality

control and conviction of a Food and Drug Act violation
may cause financial ruin for those companies found
guilty of serious negligence.
The need for absolute control of product quality
has led to the initiation of "complete quality control"
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or "quality assurance" programs by all large food com
panies.

The purposes of such programs are to eliminate

all potential sources of error in production of the
product, and to constantly monitor laboratory results
so that inferior products can be held for further test
ing or destruction if necessary.

The faster analytical

results cari be obtained, the less expensive it should
be for the company to avoid distribution of products
failing to meet specifications.
The purpose of this study was to develop inexpen
sive and rapid microbiological methods for the detection
of coliforms and Escherichia coli in products produced
in the frozen breaded shrimp industry.

REVIEW OF THE LITERATURE
I.

Classification and Differentiation
of Coliforms and Escherichia coli

Bacteria in the Escherichia, Aerobacter
Enterobacter)

(Klebsiella,

and Paracolobactum genera are generally

included in the coliform or coli-aerogenes group.

Stan

dard methods for the examination of both water and dairy
products

[3,4] define coliforms as "all aerobic and

facultative anaerobic,

Gram-negative,

non-spore forming

bacteria which ferment lactose with gas formation at
32°-35°C within 48 hours on solid or in liquid media."
According to Geldreich

[31] the use of the term coli

forms arose from work by Von Fritsch and Escherich in
describing bacteria indicative of human fecal contamina
tion of water.

Following this,

there was a concerted

effort by many workers to classify the coliform bacteria.
The main criteria used in catagorizing these organisms
was the fermentation of carbohydrates.
The coliform content of the feces of various w a r m 
blooded animals including humans,

livestock, and poultry

has been described in detail by Geldreich

[29].

He has

reported that E. coli comprises 9 3.3% of the coliform
population.
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4

Amid all these efforts at exact classification of
the members of the coliform group, Eijkman

[19] expressed

his concern that the ma i n objective of coliform study
was being overlooked.

He felt that the more important

consideration was whether or not these organisms were
of fecal origin when found in drinking water.

The means

by which he made this determination was the ability of
the isolated organisms to produce gas from glucose at
4 6 °C.

Gas producers alone were considered to be fecal

types.

His procedure was highly specific but was generally

rejected on the basis of low sensitivity.
Later, Clark and Lubs

[151 developed the methyl red

test based on the observation that fecal coliforms pro
duced proportionally more hydrogen gas than non-fecal
coliforms.

Accordingly,

fecal coliforms theoretically

gave positive methyl red reactions.

Frieber

[24] in

1921 theorized that all coliform strains were able to
produce indoleacetic acid in the metabolism of trypto
phan.

He left that fecal strains could produce indole

from this compound while non-fecal types could not.
Geldreich

[29,30]

later reported that 94.9% of coliforms

isolated from human and animal feces were indole positive
while only 19.5% of coliforms isolated from soil were
positive.

The Voges-Proskauer test was developed after

these two workers had observed and Hardin and Walpole
[36] had identified a color reaction between potassium

5
hydroxide and the products of fermentation of glucose
by members of the coliform group.

It was found that

peptone was necessary for the reaction and consisted of
production of acetyl methyl-carbinol by certain organisms.
It was used to separate fecal from nonfecal types since
E. coli was found to give a negative reaction.

Koser

[48] found that E. coli could not utilize the citrate
radical as a sole carbon source whi l e A. aerogenes
could.

Later

[49] he developed the citrate utilization

reaction for general separation of fecal and non-fecal
types.

Unfortunately neither the indole, methyl red,

V o g e s - P r o s k a u r e , nor the citrate utilization tests were
entirely satisfactory in themselves for determination
of the fecal or non-fecal origin of coliforms.
Parr

[59] proposed in 1938 that a battery of tests

including the indole, methyl red, V o g e s - P r o s k a u e r , and
citrate utilization reactions,

the so called "IMViC"

reactions, w o u l d facilitate very accurate classification
of coliforms as fecal or non-fecal types.

This con

tention has b e e n proven in wide use and remains today
as the method of choice for pure culture classification
of coliform organisms.
classification,

Through the use of Parr's

it has been proven that E. coli is the

predominant fecal coliform.

Further,

it is the only

fecal coliform w ho s e natural habitat is the gut of
warm-blooded animals.

Other coliforms isolated from

feces have been found to occur naturally outside the gut.
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The chief disadvantage of the IMViC classification
is that it is too tedious and time consuming for
routine,

large scale determinations.

above, Eijkman

As mentioned

[19] had proposed an elevated incubation

temperature of 4 6 °C in a glucose broth.
after, Barber

Shortly there

[9] studied the effect of elevated tem

perature on the growth of E. c o l i .

He reported that

the organisms could be cultured safely up to approxi
mately 46°C.

Hajna and Perry

[34] drastically modified

Eijkman's broth and formulated EC medium for the iso
lation of fecal coliforms at elevated temperatures.
This media has officially been adopted for the elevated
temperature determination of E. coli is sea water and
shellfish, water and waste water, and foods
Fishbein et al

[4,5,6].

[23] have proposed a 24 hour presump

tive test for E. coli at 4 4 °C.
employed was Lauryl Tryptose

The medium which they

(LST) broth which appeared

to be less inhibitory to the growth of E. coli than EC
medium used in the more time consuming standard method.
The standard tests for the quantitative determina
tion of coliforms give no indication as to the source
of these organisms.

The elevated temperature test in

EC m e d i u m was designed to indicate the presence or
absence of coliforms from the gut of warm-blooded
animals.

Geldreich

[31] has reported that more than

96% of all coliforms isolated from the feces of
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warm-blooded animals

(fecal coliforms)

give positive

EC elevated temperature tests.
There has been some confusion concerning exactly
how the organisms present in positive elevated tempera
ture tests should be classified.
93.3%

Since E. coli comprise

[31] of the coliforms found in feces there is a

tendency to consider a positive elevated temperature
test as indicating its presence.

Technically,

the

elevated temperature test is not specific for E. coli
alone but for all coliforms derived from warm-blooded
animal feces.

But, since it is the organism whose

presence is being assumed,

the elevated temperature

procedure will be referred to as an E. coli test.
The temperature for incubation in EC medi u m has
been a matter of controversy for some time.

The two

officially adopted temperatures for incubation are
44.5°C and 45.5°C.

Fishbein

[22] has shown that at

44.5°C there are proportionally more false positive
reactions in EC while at 45.5°C there are more false
negative reactions.

Geldreich

[31] has shown that at

44.5°C the results obtained are equivalent to those
obtained in the IMViC classification.
Deutsch

Schubert and

[65] reported in 1969 that the initial growth

rate of low density suspensions of E. coli in broth
are temperature dependent.

Between 37 °C and 4 3 °C,

E. coli suspensions in lactose broth showed the same
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initial growth rate as at 30°C, however,

the initial

growth rate decreased rapidly above 43°C.
Most methods for determination of coliforms and
E. coli involve the use of a most probable number
calculation.

In this method, serial dilutions of the

sample are inoculated into a standard medium,
EC broth,

(MPN)

such as

and the number of coliforms or E. coli can

be calculated from the reciprocals of the dilutions in
which positive results occur.
[22,23,31]

It is generally accepted

that MPN estimates are slightly higher than

those obtained in direct enumeration methods.
felt, however,

It is

that the broth determinations are superior

to other methods since for sanitary quality studies,

it

is preferable to be slightly high rather than lower
than the actual count.

II.

History of Coliforms and

E. coli as Sanitary Indicators

Coliforms and E. coli were first used as indices
of fecal pollution in water.

Clark and Kabler

[14] have

cited Von Fritsch in 1880 as the first to suggest using
the presence of bacteria as an indication of the sanitary
quality of water.

In 1885, Escherich described the

bacterial species which he had found to be characteristic
of human feces.

He postulated that the presence of these

organisms in water represented potentially dangerous
fecal pollution because of their possible association

with disease producing enteric bacteria from the feces
of ill persons.

The organisms which he described are

now classified in the Escherichia and Aerobactor genera.
Subsequent work in this area led to considerable
controversy.

While some investigators isolated addition

al members of the coliform group from feces, other
workers began isolating numerous species that biochemi
cally resembled the coliform group but were from soil,
plants,

and other sources remote from fecal pollution.

This caused considerable confusion as to the signifi
cance and correlation of such isolates with dangerous
contamination.

In 1895,

Smith

[69] stated that the

coliform group represented fecal pollution and a health
hazard regardless of the environment from which it was
isolated as he believed that all coliform bacteria
came from the gut of warm-blooded animals.
Eijkman

In 1904,

[19] proposed an elevated temperature test for

separation of fecal and non-fecal coliforms regardless
of from where they were isolated.

Organisms producing

gas at 4 6 °C were considered an indication of a more
dangerous health hazard than those that could not.
Rogers

[61] stated that even though some coliforms do

not originate in the gut of warm-blooded animals,

their

detection in water must be considered dangerous because
of the possibility of human origin.
Kaufman

Parr

[60] and

[44] felt that there were no clear-cut labora

tory tests to positively establish the fecal or non-fecal

origin.

Because of this and their widespread occurance

in nature,

they felt that efforts to classify coliforms

as fecal or non-fecal are largely futile.
[40]

Hendricks

postulated recently that there are two different

and distinct biochemical types of enterobacter in the
natural aquatic environment;

one that lacks an active

formic hydrogenlyase at 44.5°C and is of fecal origin,
and the other that possesses this active enzyme at the
elevated temperature and is found in soil free of fecal
contamination.

He reached this conclusion in an effort

to explain the Eijkman elevated temperature test for
fecal coliforms.
In general, most current authors do not consider
coliforms to be reliable indicators of pollution in
other than treated water.

This view is held because

of their widespread occurance in nature,
habitat of many coliforms,

the non-fecal

their ability to multiply in

nature, and because they persist in soil and fresh water,
and therefore,

do not necessarily indicate recent po l 

lution if found.
The dairy industry was the first to employ coliform
and E. coli analyses in foods.

The importance of coli

forms in milk was recognized as early as 1920 according
to Hartley et al

[37],

In that year,

a coli-aerogenes

determination was first officially suggested in the
Report of the Committee of Milk S u p p l y , published by the
American Public Health Association.
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The significant work in the dairy field began with
Rogers et al.

[62], who concluded in 1916 that although

fecal coliforms can be found in milk, this does not
prove fecal contamination of the milk.
and Clemmer

In 1918, Ayers

[8] believed that E» coli in fresh milk

always indicated direct or indirect fecal contamination
and that Bacillus aerogenes may occasionally result from
indirect fecal contamination, but was usually an index
of non-fecal contamination.

Swenarton

[75] suggested

in 1927 that E. coli was an excellent index of properly
processed milk.

Wilson et al.

[84] reported that a

considerable portion of the coliform organisms in raw
milk is not of the true coli type but of the intermediate
aerogenes-colacae types.

They felt that E. coli orginated

from manure or dirty utensils, but that the other coli
forms indicated no direct fecal contamination.
and Milone

Alexander

[1] concurred that the presence of E. coli

in pasteurized milk was indicative of poor sanitary
procedures in the processing plant.

Levowitz

[52] sug

gested the coliform test as a check on proper pasteuriza
tion and post-pasteurization contamination.
Griffin and Stuart

In 1940,

[33] isolated over 6,000 coliform

organisms from milk, water,

soil, grains, and feces.

They found that Escherichia were normal inhabitants of
feces but not the other environments, while other coli
forms were rarely found in feces.

They postulated that

Escherichia were the only coliforms of sanitary
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significance.
Thomas

Yet, work by Sherman and Wing

[77], Johns

[42], and Fay

[66],

[20] has suggested

that if proper sanitary procedures are followed and
the fresh milk is adequately cooled,

the coliform test

is valuable as an indicator of the sanitary quality of
the milking operation.
tion of Dairy Products

Standard Methods for the Examina
[3] states that if milk is kept

at 4.4°C or lower and proper sanitary precautions are
used, good quality raw milk contains less than 100
coliforms per mililiter.
In summary,

if proper care is taken in milking and

handling, the coliform and E. coli tests are valuable in
raw milk.

The presence of excessive numbers of coli

forms generally indicates improperly sanitized equipment
while the presence of E. coli is interpreted as fecal
contamination.

For processed milk,

these organisms

serve as excellent indices of sanitation since they are
readily destroyed by the pasteurization process.
The effective use of coliforms as indicators in
other food products requires knowledge of the source,
processing m e t h o d s , handling and storage procedures for
the commodity.

According to Thatcher

[76], the three

main routes of contamination of foods are:

(1) direct

exposure of foods to filth prior to processing,
manufacturing practices and
conditions.

(2) poor

(3) storage under unsanitary

He felt that the presence of coliforms or

E. coli could indicate any of these.

The presence of
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E. coli in foods possibly indicates poor manufacturing
practices instead of fecal contamination of foods accord
ing to de Figueredo
Brown

[21], Bartram and Black

[10], and

[12] all concluded that even though E. coli may

not indicate fecal contamination,

it is probably the

best indicator of poor sanitary quality in many foods.
Various authors have suggested coliforms and E. coli
analyses as control measures in foods.
proposed are:

Among the foods

fresh meat and mea t products by Hashimoto

[39] and Kereluk and Gunderson
by Wilkerson et al.

[45], poultry products

[82], pecan nut meats by Hyndman

[41], and any food processed with heat to such an extent
that the lethal effect on non-spore forming bacteria is
between 4 and 7 decimal reductions by Mossel

[58].

Some types of products cannot, however, be judged
for sanitary quality on the basis of coliform analyses.
Foods that receive heat treatment sufficient to destroy
coliforms but not other pathogens cannot be judged on
their coliform content.
Winter et al.

Sutton and MacFarlane

[74] and

[85] found this to be the case in egg

powder and liquid egg products whe r e Salmonellae w i t h 
stood pasteurization better than coliforms.

Frozen

foods also do not lend themselves to meaningful coliform
analyses.

Wagman

[80] in frozen orange juice,

stoesser and Wettergreen
Kereluk and Gunderson

Splitt-

[70] in frozen vegetables, and

[45] in frozen mea t pies found

that the germicidal effects of time and low temperature
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eliminated coliform organisms as useful indicators.
Larkin et al.

[50] found that E. coli counts in foods

rapidly decrease when held at 0°C.
According to Dack

[16] and Rudolfs et al.

[63],

fresh fruits and vegetables usually harbor coliforms
and that it is almost impossible to purge them from
these products.

Since there is no history of disease

caused by consumption of these foods, the presence of
coliforms in them is usually considered insignificant.
Another example given by Dack

[16] is that of fresh

meat where intestinal contamination during slaughter
invariably leads to some coliform contamination.

The

fact that meat is cooked prior to consumption and has
never been proven to be the cause of disease if properly
prepared and stored negates the possible danger of
consuming these organisms.
The use of coliforms and E. coli as indicators of
good sanitary processing conditions is standard practice
in the shrimp industry.

This practice is based on

substantial experimental evidence.
Green
et al.

[32], Silverman et al.

[67], and Surkiewicz

[73], and Sarma and Koburger

[64] have all shown

that coliforms were usually found in raw shrimp in
relatively low numbers and that E. coli is isolated
infrequently.

Williams et al.

[83] demonstrated that

the coliforms on shrimp were due largely to mu d on the
shrimp and could be significantly reduced in number by
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washing.

Smith

[68] found that E. coli did not survive

longer than five days in seawater.

This apparently ac 

counts for their infrequent isolation from freshly
caught seafood.

These findings indicate that if proper

care is taken, raw shrimp relatively free of coliforms
and E. coli can be delivered to the processing plant.
Since freshly caught shrimp have low coliform and
E. coli counts,

it is evident that these organisms in

the final product must originate from the processing
environment.

The production of breaded shrimp usually

involves thawing frozen green headless shrimp,
by peeling and deveining, battering,

followed

and breading

[73].

Coliform bacteria from several different sources can
contaminate these shrimp.

The main routes of entry are:

(1) from plant personnel handling the shrimp,
processing equipment, and
material.

(2) from

(3) from batter and breading

Obviously, the plant personnel carry large

numbers of coliforms and E. c o l i .

Varga and Anderson

[79] found that fecal coliforms are capable of mul t i 
plying in seafood residues on inadequately sanitized
equipment surfaces.

They

felt that extremely high

bacterial counts usually indicate insufficient cleaning
procedures.

Liston

[53] and Surkiewicz et al.

[73] have

shown that bacteria can multiply rapidly in liquid
batter.

If the coliform content of the unprocessed

shrimp is known, then the main sources of contamination
can be traced and the number of coliforms and E. coli
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in the final product gives a valid indication of the
sanitary quality of the processing operation.
The work of Surkiewicz et al.

[73] documented well

the theory that a processing plant, operating wit h good
manufacturing practices, will produce a final product
relatively free from coliforms and E. c o l i .

They found

that all the breaded shrimp plants operating under such
conditions had average coliform M PN counts of less than
1,000/g and in 81% of these samples, E. coli was absent
from 80%.

Earlier, Kachikian et al.

[43] had reported

that only 32% of frozen breaded shrimp samples taken
at random had coliform counts in excess of 100/g.
recently, Vanderzant et al.

Very

[78] have reported that

breaded shrimp processing plant samples contained a
geometric mean of 66 coliforms/g.

They found that only

8% had a coliform count in excess of 1,000/g and that
E. coli was isolated from only 8% of the samples.
The Food and Drug Administration has stated

[25]

that they consider any food which contains pathogenic
organisms to be filthy.

They readily admit that such

organisms are rarely isolated, however,

and that the

presence of coliforms and E. coli have been used as
indicators of the presence of pathogens.

Legal action

when taken is usually on the basis of an excessive
E. coli or coliform content traceable to either a con
taminated raw product, or to poor manufacturing
practices.

In addition,

it has been suggested by
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Surkiewicz et al.

[73] and has be e n this author's

experience recently,

that action will not be taken unless

unsatisfactory counts are substantiated by a highly un
satisfactory sanitary inspection of the processing plant
or warehouse.
In summary,

it must be pointed out that the presence

of coliforms or even E. coli in foods does not neces
sarily imply a health hazard.
however,

Their presence does,

serve as a warning that good manufacturing

practices m a y be lacking and m ay lead to lower quality,
and subsequently to health hazards if continued.

III.

Rapid Methods of Analysis

Fishbein's procedures for the isolation and identi
fication of coliforms and E. coli are currently the
official standard methods of analysis.

Any official

method is the reference to which all other methods are
compared.

This implies that the primary concern of

this method must be accuracy with speed being of secon
dary importance.

However,

for analytical work involv

ing large numbers of samples,

increased speed is very

advantageous provided the accuracy of the method does
not fall below acceptable standards.

Of interest in

this connection is previous work involving improved
methods of fermentation gas detection and variation in
the standard innoculum versus medium-volume ratios.
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Improved methods for gas detection have
ported by Davis

[17], wh o

been re

simply plugged the ends of his

fermentation tubes with rubber stoppers and detected
gas production and bubbles.

Bicknell et all

[11] used

a semi-solid medi u m so that any gas produced was trapped
1A

as bubbles in the medium.
lactose as a carbohydrate

Levin et al.

[51] used

I-C

source and was able to measure

radioactive carbon dioxide evaluation within one hour
in pure culture work.

Korsh

[47] reported detection of

E. coli from polluted waters in 4 hours with the use
of radioactive lactose, but did not find the method
sensitive enough for isolation of E. coli in small con
centrations.

Moldovan

[56,57]

in work with dairy p r o 

ducts reported that plugging of fermentation tubes with
an agar overlay allowed gas accumulation at the agarm e d i u m interface and had an advantage over the use of
Durham tubes in that all of the gas in the fermentation
vessel was trapped rather than only the gas formed in
or below the Durham tube.
Stuart and Weaver

Hannan and Weaver

[35] and

[71] reported successful use of this

technique in their work.

McDade and Weaver

[55]

examined a number of rapid techniques and found the agar
overlay method to be more sensitive than the common
detection method with Durham tubes.
The use of massive innocula introduced into rela
tively small volumes of medium was used as early at 1900
by Linder, who noted that incubation times were reduced

19
significantly.

For years, bacterial physiologists have

used such micro-techniques for manometric studies.
Weaver et al.

[81] reported that micro-techniques are

often as sensitive as macrotechniques and equivalent
results can be obtained in many cases.
Weaver

Stuart and

[71] used a micro-technique for a rapid confirma

tory test for coliforms in water.

Small tubes were

filled one-third full of double strength Brilliant Green
Lactose Bile broth, warmed to 3 7 °C in a water bath,
and innoculated with an equal volume from a positive
tube using a Pasteur pipette.

Melted 1% agar at 5 0 °C

was added to fill the tubes and they wer e then incubated
at 37°C.

Recently, Fung and Miller

[26,27] have employed

micro-serology spot plates with a petroleum jellymineral oil overlay to test large numbers of pure-culture
organisms for carbohydrate fermentation and IMViC rea c 
tions.
A more rapid procedure for the detection of E. coli
has been proposed by Fishbein et al.

[23].

This method

involves a single presumptive test with incubation of
the sample for 24 hours at 4 4 °C in Lauryl Tryptose
Broth

(LST)

instead of the EC med i u m used in the

present standard method.
II*

They reported a higher number

isolations and the exclusion of the customary

confirmatory test.
It would appear that a combination of methods facili
tating more rapid gas production and more efficient gas
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harvesting should produce a procedure of great merit
where rapid determinations are desirable.

EXPERIMENTAL PROCEDURE

I.

Materials

Reagents
The chemical composition of all reagents and media
used in this study are listed in the appendix.

Butterfield's Phosphate Buffer
All dilutions for this investigation were made with
Butterfield's Phosphate Buffer

[13].

A stock solution

was prepared by dissolving 24g of potassium acid phos
phate

(KJ^PO^)

in 500ml of distilled water.

The pH was

adjusted to 7.2 with IN NaOH and the mixture diluted to
1 liter with distilled water.

This stock solution was

stored in the refrigerator at 4 0 °F until needed.

Dilu

tions were prepared by adding 1.25ml of the stock solu
tion to 1 liter of distilled water and adjusting the
pH to 7.2 with 0.1N NaOH.

The buffer was sterilized by

autoclaving at 121°C for 15 minutes with 15 pounds of
pressure.

EC Medium
EC M e dium is recommended as a secondary confirma
tory medi u m in the examination of water, waste water,
shellfish, and foods for E. coli when used at 44.5°C or
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45.5°C

[4,5].

The med i u m was used at 44.5°C.

Results

from the rapid test for E. coli were compared to results
obtained in this medium.

EC medium was prepared by

dissolving 37g in 1000 ml of distilled water.

Sterili

zation was for 15 minutes at 15 pounds of pressure and
121°C

[18].

Lauryl Tryptose Broth '(1 S T )
This medi u m is standard for presumptive determina
tion of coliforms in water, waste water,
seawater, and foods

[4,5,6].

shellfish,

Results from the rapid

test for coliforms wer e compared to 48 hour results
in LST.

Growth from tubes of LST w hich we r e positive

after 48 hours was transferred into EC medium.

It was

also the m e dium used for rapid presumptive determination
of coliforms and E. c o l i .

Preparation was by dissolving

35.6g of the m e dium in 1000ml of distilled water.
Sterilization was at 1 2 1 °C for 15 minutes under 15 pounds
of pressure

[18].

2% Agar
Agar was used as a tube plugging substance in the
rapid methods of analyses.

Twenty grams of agar-agar

was dissolved in 1,000ml of distilled water, dispensed
in 100 ml amounts in screw top bottles and autoclaved
at 121°C for 15 minutes under 15 pounds of pressure

[18].

23

II.

Methods

Sterilization
All media and glassware used in this study were
sterilized prior to use by autoclaving at 1 2 1 °C for
15 minutes under 15 pounds of pressure unless otherwise
specified.

Preparation of Breaded Shrimp Homogenate
Frozen, breaded shrimp samples known or suspected
to have a coliform and/or E. coli content were used in
this study.

From each sample,

25g was aeseptically

weig hed and transferred into a sterile Waring Blender.
Addition of 225 ml of sterile phosphate buffer to the
blender was followed by homogenization for 2 minutes at
high speed.

The homogenate was allowed to settle prior

to use in order to avoid pipetting errors attributable
to foam in the mixture.

This homogenate was used for

analysis by both the reference method and the rapid
methods.

Preparation of Dilutions for Analysis
Dilutions were made from the original 1:10 hom o 
genate into 90 ml sterile buffered dilution blanks in
such a manner as to give final dilutions of:
1:1000.

1:10,

These dilutions were used in both the standard

coliform analysis and the rapid coliform and E. coli
analyses.

1:100,
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AOAC Presumptive Method for Analysis of Coliforms
One ml from each of the dilutions was inoculated
into each of 3 sterile test tubes.

These tubes contained

inverted Durham fermentation vials and approximately 10
ml of sterile Lauryl Tryptose
a total of 9 tubes.

(LST) broth.

This gave

These tubes were incubated at 35°C

and were checked for the presence of gas at 12, 24, and
48 hours, respectively, and results wer e recorded for
each tube

[7].

If gas positive tubes were observed,

they were retained for E. coli analysis and the most
probable number

(MPN) of coliforms were determined by

use of an M P N table.

(See MPN determination below.)

AOAC Confirmatory Metho d for Analysis of E. coli
Pr o m each gas positive LST tube, a 3 ml loopful of
turbid broth was transferred to a test tube containing
an inverted Durham fermentation tube and approximately
10 ml of sterile EC broth.

These tubes were incubated

in a water bath at 44.5°C and examined for gas formation
at 12, 24, and 48 hours respectively

[7],

The results

were recorded and the m o s t probable number

(MPN) of

E. coli was calculated wit h the use of an MPN table.
(See MPN determination.)

MPN Determination
For both the AOAC coliform and E. coli analyses,
the MPN was determined for each sample.

The number of

gas positive tubes at each dilution level was recorded
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and a 3 number code calculated,

signifying the number

of positive tubes at each level.

This code was referred

to an MPN table from whi c h an MPN value was selected.
The most probable number per gram of sample was calcu
lated as f o l l o w s :

M P N value from table x dilution factor of middle set of =
tubes

1

organisms/g of sample

Rapid Method for Analysis of Coliforms
One ml from the 1:10 dilution was pipetted into each
of 3 sterile centrifuge tubes.

The solids from this ml

were harvested by centrifugation at 9,000 RPM for 15
minutes.

The liquid was aeseptically removed from each

of these tubes with sterile Pasteur pipettes.
harvested solids in each tube,

To the

0.5 ml of sterile LST

broth warmed to 3 5 °C was aeseptically added.

The solids-

LST combination was mixed aeseptically with a sterile
inoculating needle bent into a U shape.

A two percent

agar solution held at 5 0 °C was carefully poured down the
inside of the tube to avoid trapping air bubbles.

The

depth of the agar overlay was approximately 1 inch.

The

agar was allowed to solidify and the tubes were then
inverted and incubated at 35°C

(See Diagram 1).

The

tubes were observed for accumulation of gas above the
liquid at 6 hours, and at every hour until 12 hours
had elapsed

(See Figure 1).

The number of positive tubes

out of three for each sample was recorded.
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Dilute 1:10

1
ml

Sample

ml
Blend
Centrifuge
Liquid
Solids
Remove liquid

uuu
Mix

Add 0.5 ml LST
at 35°C

Seal with 2% Agar
at 50 °C

Allow agar to solidify
and invert

2S2

Diagram 1.

Incubate at 35°C
for 12 hours

Procedure for Rapid Detection of Coliforms
in Breaded Shrimp.

27

Gas Accumulation

0.5 ml LST + har
vested solids

2% agar plug

centrifuge tube

Figure 1

Typical Positive Tube in Rapid Method for
Detection of Coliforms and
coli in
Breaded Shrimp.
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Rapid Method for Analysis of E. coli
From the original 1:10 dilution,

3 ml were aeseptic

ally pipetted into each of 3 sterile centrifuge tubes,
2 ml from the 1:10 dilution was pipetted into a second
set of 3 centrifuge tubes, and 1 ml from the same dilu
tion into each of the third set.

These tubes were cen

trifuged at 9,000 RPM for 15 minutes and the supernatent
liquid removed as in the rapid coliform test.

To all of

these tubes was aeseptically added 0.5 ml of LST broth
warmed to 44.5°C.

The combination was mixed and the

agar overlay poured carefully into the tubes almost to
the top of the tube.

The agar was allowed to harden

and then the tubes were inverted

(See Diagram 2).

Incu

bation was in a 44.5°C water bath and the tubes were
checked for gas accumulation above the media every hour
from 6 hours of incubation to 12 hours

(See Figure 1).

Gas positive tube results were recorded at each level
as in the standard MPN determination.

An MPN value

was obtained from a standard MPN table using the results
from the tubes originally inoculated with 3 ml as if
they were results for the first dilution in the AOAC
procedure for E. c o l i .

A theoretical MPN per gram of

sample was calculated with the standard formula using a
dilution factor of 100 for the middle set of tubes.
Growth was isolated from all positive rapid tubes and
inoculated into EC medium.

These tubes wer e incubated

for 48 hours at 44.5°C as a check for false-positive
rapid method tubes.
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.
r
^ 0-0-0

Dilute 1:10
^ _____________ Sample
Blend

3
3
3
tubes tubes tubes
Centrifuge

idt;i
uuu

Liquids
Solids

Remove liquids

Mix

Add 0.5 ml LST
at 44.5°C

Seal with 2% agar
at 5 0 °C

Allow Agar t‘> solidify
and inve t
-►

Diagram 2.

Incubate at 44.5°C
for 12 hours

Procedure for Rapid Detection of E. coli
in Breaded Shrimp.

DISCUSSION
I.

Preliminary Studies in the Development of
Rapid Test Procedures

Preliminary pure culture work by the author had
shown the possibility of developing rapid screening
methods for the detection of coliforms and E. c o l i .
In development of p r o c e d u r e s , the aim was minimal devia
tion from standard methods,

except for time.

In this

way, rapid methodology results could be readily compared
to results from the more time consuming standard tests.
In selection of media for the rapid tests, evalua
tion of the standard media was necessary.

The standard

media for enumeration of coliforms and E. coli in food
and water are LST, EC, B.illiant Green with 2% Bile,
and m-FC broth with rosoLie acid added.

Both EC and

Brilliant Green were found to be more inhibitory than
LST, giving fewer positive results.

The m-FC broth

with rosolic acid was found to be very rapid whe n large
numbers of E. coli were present but was not sensitive
enough for rapid detection of small numbers of organisms.
LST broth was selected for use in both the rapid coli
form and E. coli procedures because it was a media used
in the AOAC methods and it produced the highest number
of positives in both tests.
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Initially, efforts were made to plug the rapid
method tubes with a 50:50 mixture of petroleum jelly
and m i n e r a l % i l .

These efforts were unsuccessful because

this material became too viscous at the E. coli incuba
tion temperature and had a tendency to trap air bubbles
during sealing of the rapid method tubes.

The material

finally selected for plugging of the tubes was 2% agar
solution which gave an excellent seal, did not trap air
bubbles,

and did not liquify at the 44.5°C E. coli

incubation temperature.
The standard temperatures for incubation of coli
forms and E. Coli were used initially for the rapid
tests.

In the course of preliminary studies, it became

obvious that 44.5°C instead of 45.5°C would result in
more rapid gas production by E. c o l i .
other investigators

Previous work by

[22,23,31] had shown that more

false-positives occur at 44.5°C than at 45.5°C, but
that at 45.5°C there were more false-negatives.

In this

type of screening procedure, more false-positives can
be tolerated in the interest of fewer false-negatives.
The selection of inoculum size for the rapid tests
was difficult.

The initial concept was development of

rapid tests with inocula sizes identical to those used
in the standard AOAC methods.
analysis,

In the case of the coliform

efforts to efficiently harvest the cells from

the 1:100 to 1:1000 dilutions were unsuccessful.

Both

filtration and centrifugation methods were attempted
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without consistent success.

As a result,

it was nec e s 

sary to develop instead, a screening procedure from
which results could be correlated w i t h the results from
standard tests.

Development of a rapid E. coli test

offered additional problems.

Work by Barber

[9] and

[22] had shown that the time necessary for gas production
by E. coli organisms increased rapidly above 43°C.

It

became obvious that development of a rapid test was im
possible using a small inoculum.

It therefore became

necessary to increase the size of the inoculum in order
to rapidly detect small numbers of E. c o l i .

By doing

so, it was possible to devise a most probable number
(MPN) type of analysis wit h results directly comparable
to the results from the standard test.
The time used for incubation was the shortest time
which would give results comparable to standard test
results.

The 12 hour incubation time for the rapid

tests was found to be necessary in order to avoid false
negatives.

At the same time,

longer incubation times

led to results higher than the results obtained using
standard AOAC methods.

When very large numbers of coli

forms or E. coli are present, positive results are
obtainable in a shorter time.

This is particularly true

of the coliform test where positive rapid test tubes
were observed after only 6 hours incubation in some
cases.

Accordingly,

these rapid tests should be checked

hourly from 6 hours on.
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The speed of centrifugation was determined by trial
and error.

The supernatent fluid remaining after centri

fuging at different speeds was inoculated into LST and
EC broths and incubated to check for cells remaining in
suspension.

The speed and time selected thus were de 

signed to harvest the greatest number of cells with the
least amount of damage.
Throughout the development period all positive
results in the rapid methods were verified by the stan
dard methods.

The organisms were removed from the

positive rapid tubes with sterile Pasteur pipettes and
inoculated into LST or EC media, depending upon the test
being checked.

These inoculated tubes were then incubated

for 48 hours at 35°C and for 48 hours at 44.5°C respec
tively.

It was determined that w h e n care was taken in

plugging the rapid method tubes,

false-positives should

never occur.
It is important to note that positive results were
never observed after 12 hours in the AOAC test pro c e 
dures.

This fact is proof of the more rapid gas pr o 

duction in the shorter procedure.

II.

Rapid Coliform Test Discussion

The results of the rapid coliform tests performed
on 80 samples of breaded shrimp were compared to results
of the presumptive AOAC method performed on the same
samples.

Table 1 contains the AOAC method results for
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all samples which gave 2 rapid method positive tubes.
Table 3 contains the AOAC results for all samples which
gave 1 rapid method positive tube.

Table 4 contains

the AOAC results for all samples which gave no positive
tubes in the rapid analysis.
Interpretation of the results requires some explana
tion.

This study carried out in such a manner that a

statistical analysis of the results might be performed.
At the completion of the work,

it was decided that due

to the nature of the procedures and results obtained,
a standard type of statistical analysis was unnecessary
and awkward.

Direct comparison of methods and results

is much clearer and easier to understand.
Some explanation of MPN results is also necessary.
The number of coliforms present per gram of sample
according to the AOAC method,
probable number

is accomplished by a most

(MPN) procedure

[7].

The number of

positive tubes at each of the 3 dilution levels of the
AOAC test are recorded in code form.

A MPN code of

3-3-3 indicates that more than 1,100 coliforms were
present per gram of sample, a 3-3-2 code indicates 1,100
per gram, and 3-3-0 code indicates 240 coliforms per
gram.

These facts are reported to point out that the

difference between 240 and 1,100 in an MPN analysis is
not as great as would appear.
Close observation of the data in Tables 1 through
4 reveals that of the 80 total samples analyzed for
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Table 1.

Sample #

AOAC Coliform Results for Breaded Shrimp Samples
Producing 3 Positive Tubes in Rapid Test
AOAC Test
MPN Code

AOAC Test
MPN/g

1

3-1-0

43

2

3-1-0

43

3

3-3-3

>1,100

4

3-3-2

1,000

5

3-2-0

93

6

3-0-0

23

7

3-1-0

43

8

3-3-3

>1,100

9

3-3-3

>1,100

10

3-3-3

>1,100

11

3-2-1

150

12

3-3-1

460

13

3-3-3

>1,100

14

3-2-1

150

15

:-3-o

240

16

3-3-3

>1,100

17

:-2-2

210

18

3-3-2

1,100

19

3-3-3

>1,100

20

3-3-1

460

21

2-1-0

15

22

CM
1
CO
1
CO

1,100

23

3-1-0

43
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Table 1.
Sample #

(Cont'd)

AOAC Test
MP N Code

AOAC Test
MPN/g

24

2-1-0

15

25

3-3-0

240

26

3-2-0

93

27

3-3-3

>1,100

28

3-0-1

39

29

3-0-0

23

30

2-2-0

21

31

3-3-1

460

32

3-3-1

460
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AOAC Coliform Results for Breaded Shrimp
Samples Producing 2 Positive Tubes
in Rapid Test

Standard Test
M PN Code

Standard Test
MPN/g

33

3-3-0

240

34

3-2-0

93

35

3-3-0

240

36

3-1-0

43

37

2-0-0

9.1

38

3-3-0

240

39

3-1-0

43

40

3-1-0

43

41

3-0-0

23

42

2-1-0

15

43

2-0-0

9.1

44

3-3-2

1,100

45

3-0-0

23

46

1-0-0

3.6
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AOAC Coliform Results for Breaded Shrimp
Samples Producing 1 Positive Tube
in Rapid Tests
Standard Test
MPN Code

Standard Test
MPN/g

47

2-0-0

9.1

48

1-0-0

3.6

49

0-1-0

3.0

50

3-0-0

23

51

3-0-0

23

52

3-3-0

240

53

3-2-1

150

54

2-1-0

15

55

2-0-0

9.1

56

2-0-0

9.1

57

1-1-0

7.3

58

1-0-0

3.6
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AOAC Coliform Results for Breaded Shrimp
Samples Producing No Positive Tubes
in Rapid Tests

0
1
0
1
H

60

O
1
0
1
o

61

2-0-0

62

0
1
0
1
o

<3

63

0
1
0
1
o

<3

64

0
1
0
1
o

<3

65

0
1
0
1
o

<3

66

0
1
0
1
o

<3

67

I-*
1
0
1
o

68

0
1
0
1
o

69

1-0-0

3.6

70

r-H

3.6

71

u>
1
0
1
o

72

0
1
0
1
CN

9.1

73

1-0-0

3.6

74

0
1
0
1
o

<3

75

0
1
0
1
o

<3

76

o
1
0
1
o

<3

77

<3

78

<3

79

0
1
0
1
o

<3

80

0
1
0
1
o

<3

0
1
0
1

59

0
1
0
1
o

Standard
MPN/g

0
1
0
1
o

Standard Test
MPN Code

3.6
<3
9.1

3.6
<3

23

41
coliform content,

32 samples produced 3 gas positive

tubes out of a possible 3 in the rapid test.
more,

Further

14 samples produced 2 gas positive tubes in the

rapid test,

12 samples produced 1 rapid positive,

and 22

samples produced no positives in the rapid analysis.
A summary of the results obtained in rapid coliform
analysis is contained in Table 5.

Of the 32 samples

which produced 3 positive tubes in the rapid test,
out of the 32, or 53%,

17

actually contained 240 or more

coliforms/g wh e n analyzed by the AOAC presumptive method
for coliforms,

15 out of 32, or 47%, actually contained

460 or more coliforms/g,

11 out of the 32, or 34%, act

ually contained 1,100 or more coliforms/g and 8 out of
the 32, or 25% actually had more than 1,100 coliforms/g.
A total of 14 samples produced 2 positive tubes in the
rapid test.

Results obtained from the AOAC method of

analysis indicate that 4 out of the 14, or 29%, of these
samples contained 240 or more coliforms/g,

1 out of the

14, or 7%, of the samples contained 460 or more coliforms/
g.

This one sample contained 1,100 coliforms/g.

None

of the samples producing 2 positive tubes in the rapid
in the rapid method had more than 1,100 coliforms/g.
Of the 12 samples that had one positive rapid tube,

1

out of the 12, or 8% had 240 coliforms/g and no other
sample in this group had more.

A total of 22 samples

produced no positive tubes in the rapid test and 23

Table 5.

AOAC Method
MPN

Summary of Results of AOAC and Rapid Coliform Analyses
of Breaded Shrimp Samples
3 Positive Rapid 2 Positive Rapid 1 Positive Rapid 0 Positive Rapid
Method Tubes (32) Method Tubes (14) Method Tube (12)
Method Tubes (22)
8/32

(25%)

0/14

(0%)

0/12

(0%)

0/22

(0%)

Number of Samples
with 1,100 or more
coliforms/g
(MPN code 3-3-2
or higher)

11/32

(34%)

1/14

(7%)

0/12

(0%)

0/22

(0%)

Number of Samples
with 460 or more
coliforms/g
(MPN code 3-3-1
or higher)

15/32

(47%)

1/14

(7%)

0/12

(0%)

0/22

(0%)

Number of Samples
with 240 or more
coliforms/g
(MPN code 3-3-0
or higher)

17/32

(53%)

4/14

(29%)

1/12

(8%)

0/22

(0%)

Number of Samples
with > 1,100
coliforms/g
(MPN code 3-3-3)
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coliforms/g was the highest number found by the stan
dard method.
Consideration of the practical use of this pro c e 
dure in a control laboratory requires some theorizing.
The test does not yield precise enough results nor is
it sensitive enough to replace the standard met h o d of
analysis.

However,

the results indicate that the value

of this test is as a rapid screening procedure where
many samples must be analyzed.

Results from this test

would rapidly indicate to a quality control laboratory
the general range of coliform counts in a series of
samples.

This type of control procedure becomes more

acceptable when it is realized that the E. coli content
is considered a more significant indicator of poor m a n u 
facturing practices than coliforms by governmental
regulatory agencies.

Theoretically,

if the rapid test

on a series of samples consistently produced 3 positive
rapid method tubes it would probably be wi s e to retain
these samples for analysis by the AOAC method.

This

would be particularly true if positive rapid results
were being obtained in 6 to 9 hours.

In this

study,

53% of such samples had more than 240 coliforms/g and 1
out of every 4 had a count of more than 1,100.

Further

more, stopping release of all samples producing 3
positive rapid tubes wou l d have resulted in retention
of the following:

(1) 100% of all sampels with more

than 1,100 coliforms/g according to the AOAC analysis,
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(2) 91.7% of the samples with 1,100 or more coliforms/g,
(3) 93.7% of the samples with 460 or more coliforms/g,
and

(4)

81% of the samples with 240 or more coliforms/g.

If all samples with 2 or more positive rapid method
tubes were held for further analysis,
would have been retained:
460 or more coliforms/g and

the following

(1) 100% of all samples with
(2) 95.5% of all samples

with 240 or more coliforms/g.
This study produced 32 samples out of the total of
80 which exhibited 3 positive rapid method tubes.

It

must be noted that the samples analyzed here were known
or suspected of having large coliform populations prior
to analysis.

When used under normal circumstances,

a

much smaller percentage of samples would be expected
to contain large numbers of coliforms.

This would

significantly reduce the number of samples that would
require reanalysis wit h the more time consuming AOAC
procedure.
The time necessary for gas production in the rapid
test was roughly in proportion to the number of coli
forms present.

Positive results were obtained in the

rapid test with as little as 6 hours of incubation,
while no positive tubes were observed in the AOAC pr o 
cedure after 12 hours of incubation.

Samples producing

gas very rapidly were always found to contain large
coliform populations.

Unfortunately, all samples with

large coliform populations did not produce gas this rapidly.
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Use of this method as a quality control aid would
give the breaded shrimp industry results concerning the
coliform content of products in 12 hours or less co m 
pared to the 24 to 48 hours necessary for performance
of comparable AOAC analysis.

The method requires the

use of a centrifuge but requires only a fraction of the
media necessary for the AOAC method of analysis.

Also,

though it was not studied in detail, preliminary tests
indicated that the rapid procedure might serve for
coliform analysis of breading material and unbreaded
shrimp.

This would aid in quality control of the incom

ing raw ingredients.
Further research utilizing this type of rapid pro
cedure wou l d seem of interest to the food industry in
general.

A battery of such rapid tests might well be

used for detection of other microorganisms as well.
It is also conceivable that further research might lead
to closer agreement between results from rapid methods
and those from longer standard p r o c e d u r e s .

III.

Rapid E

coli Test Discussion

A comparison of the results of the AOAC
and the rapid

(72 hour)

(12 hour) methods for analysis of E. coli

is found in Table 6.
A total of 80 samples were analyzed for E. coli
and positive results were obtained by the AOAC method
in 35 samples, while positive results were obtained in
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Rapid Method
MPN Code
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29 samples by the rapid method.

Examination of the

results shows that in all 6 cases where the rapid method
failed to detect E. coli the count by the standard
method was 3.6 or fewer E. coli per gram.

These numbers

correspond to 1 positive tube in the standard method.
An MPN code of 1-0-0 indicates the presence of 3.6
E. coli of sample and an MPN of 2-0-0 indicates the
presence of 9.1 E. coli/g.
The rapid E. coli test can be interpreted in two
ways.

First,

as an MPN method and secondly as a screen

ing method.
If the same MPN table is applied to the results o b 
tained from the rapid method,

the results are rather near

those obtained in the AOAC methods as noted in Table 7.
The MPN obtained in the rapid test is based on the
analysis of 3 grams of sample, but the results obtained
in 12 hours correlate closely with AOAC method results
after 72 hours.

This fact is considered academic to

the real value of the test since in a quality control
laboratory the presence of even small numbers of E. coli
in the product is very serious.

The chief concern in

quality control work should be detection of the small
numbers of E. coli rather than exact enumeration of
large numbers of these organisms.
When used as a screening procedure,

if all samples

in this study producing 1 or more positive tubes by
the rapid method were held, the following would be
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Table 7

Comparison of AOAC and Rapid E. coli Method
Results from Analyses of Breaded
Shrimp Samples
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Rapid Method
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retained:

(1)

E. co2JL/g, and
E. coli/g.

82.9% of all samples with 3.6 or more
(2) 100% of all samples with 9.1 or more

The rapid test detected 60% of the samples

with a count between 3 and 3.6 E. coli/g by the AOAC
method.

Space limitations in quality control labora

tories might necessitate the use of the first
series of tubes.

(3 ml)

This practice is suggested wh e n the

chief concern is screening of a large number of samples.
This practice would in no wa y inhibit the ability of
the rapid method to detect small numbers of E. c o l i .
Greater assurance that samples are free from E. coli
may be obtained by extending the incubation time of the
rapid method beyond 12 hours.

The test wou l d then no

longer produce estimates of the number of E. coli pr e 
sent, but would indicate simply presence or absence of
E. coli in the samples.
During the course of this study, all tubes exhibit
ing positive rapid method results were re-examined using
the AOAC method and no fcilse-positives were encountered.
Also, no positive AOAC tubes were observed after 12
hours of incubation in EC medium.
This method has considerable potential for quality
control work because of its speed
pared to the AOAC method

(72 hours)

detect small numbers of E. c o l i .
coliform test,

(12 hours) when com
and its ability to

As with the rapid

samples would have to be run by the AOAC

method to obtain exact counts but estimates obtained
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with this rapid method are very accurate especially
when few E. coli are present.

Preliminary testing

indicated that this procedure was equally effective in
analysis of incoming ingredients.

SUMMARY

New methods were developed for the rapid detection
and estimation of numbers of coliforms and E. coli
in frozen breaded shrimp were developed.

The new pr o 

cedures involved use of small amounts of media, massive
innocula and more efficient fermentation gas collection.
Final results were obtained in 12 hours or less compared
to the 24 to 72 hours necessary for the official AOAC
methods of analysis.
From the results of these experiments the follow
ing conclusions have been reached:
1.

Rapid gas production by coliforms and E. coli

can be obtained by reduction of the volume of growth
medium.
2.

Gas production can be detected more rapidly by

plugging the entire reaction tube rather than trapping
it in a conventional Durham gas tube.
3.

Samples of breaded shrimp wit h more than 240

coliforms/g can be detected accurately within 12 hours
by the described procedure.
4.

Samples of breaded shrimp containing 3.6 E.

coli/g can be detected accurately w i t h i n 12 hours by
the described procedure.
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5.

Both procedures described offer large savings

in time necessary for detection of the organisms
studied and are inexpensive and simple enough to be
useful to any shrimp breading operation.

BIBLIOGRAPHY
1.

Alexander, W. F. and N. A. Milone.
1936.
The
Significance of the Escherichia-Aerobacter Group
in Pasteurized Milk.
J. Bacteriol.
31:574.

2.

American Public Health Association.
1904.
Test
for Bacillus c o l i , p. 84-92.
In Standard Methods
for Water A n a l y s i s . American Public HealtK
Association, Chicago.

3.

American
Public Health Association.
1960. Standard
Methods for the Examination of Dairy P r o d u c t s .
11th ed.
American Public Health Association,
New York.
448 p.

4.

American
Public Health Association.
1960. Standard
Methods for the Examination of Water and Waste
W a t e r , llth ed.
American Public Health Asso c i a 
tion , New York.

5.

American
Public Health Association.
1962. Recom
mended Procedures for the Bacteriological Examina
tion of Sea Water and s h e l l f i s h . 3rd ed. American
Public Health Association, N e w Y o r k .

6.

American
Public Health Association.
1966. Recom
mended Methods for the Microbiological Examination
of Foods’! 2nd ed. American Public Health Associat T o n , New Y o r k .

7.

Association of Official Analytical Chemists.
1966.
Official Methods of A n a l y s i s . J. Assoc. Off. Anal.
C h e m i s t s . 49 :i>46-250.

8.

Ayers, S. H . , and P. W. Clemmer.
1918.
The Signi
ficance of the Colon Count in Raw Milk.
U.S. Dept,
of Agr. Bull. 739.

9.

Barber, M. A.
1908.
The Rate of Multiplication of
Bacillus coli at Different Temperatures.
J.
Infectious Diseases.
5:379-400.

10.

Bartram, M. T. and L. A. Black.
19 37.
Detection and
Significance of the Coliform Group in Milk. II.
Identification of Species Isolated.
Food Res.
2:21-26.

57

58
11.

Bicknell, A. K. , F. Butt, and L. Mattmen.
The
Rapid Identification of Enteric Organisms by
Microtechnique.
Am. J. Public Health.
42:437-439.

12.

Brown, D. F.
1971.
Examination of Food for Col i 
form Organisms.
"Food Microbiology".
U.S. Dept,
of Health, Education, and Welfare, Cincinnati,
Ohio.

13.

Butterfield, C. T.
1932.
The Selection of a Dilu
tion Water for Bacteriological Examinations.
J.
Bacteriol. 23:355-368.

14.

Clark, H. F. and P. W. Kabler.
1964.
Reevaluation
of the Significance of the Coliform Bacteria.
J.
Am. Water Works Assoc.
56:931-936.

15.

Clark, W. M. and H. A. Lubs.
1915.
The Differen
tiation of Bacteria of the Colon-Aerogenes Family
by the Use of Indicators.
J. Infect. Dis. 17:
160-164.

16.

Dack, G. M.
in Foods.
1156.

17.

Davis, J. G.
1939.
Zentr. Bakteriol. Parasitenk.
Abt. II.
A Rapid, Simple and Reproducible Method
for the Determination of Bacterial Sugar F er
mentations.
101:97-101.

18.

Difco Laboratories.
19 53.
Difco M a n u a l , 9th ed.
Difco Laboratories, Detroit.
350 p.

19.

Eijkman, C.
1904.
Die Garungsprobe bei 46° Als
Hilfsmittel bei der Trinkwasseruntersuchung.
Centr.
Bakeriol. Parasitenk., Abt. 1, orig. 37:742-752.

20.

Fay, A. C.
1960.
Reappraisal of the Quality Control
of Milk Supplies from Farm Bulk Tanks.
J. Dairy
Sci.
43:116-119.

1955.
Amer.

Significance of Enteric Bacilli
J. of Public Health.
45:1151-

21.

Figuerieredo, M. P. de.
for Quality Assurance.

1970.
Microbial Indices
Food Technol.
24:51-55.

22.

Fishbein, M.
1962.
The Aerogenic
Escherichia coli and Strains of
Broth anct’"Selected Sugar Broths
Temperatures.
Appl. Microbiol.

Response of
Aerobacter in EC
at Elevated
10:79-85.

59

23.

Fishbein, M . , Surkiewicz, B. F . , Brown, E. F . ,
Oxley, H. M . , Padron, A. P., and Groomes, R. J.
1967.
Coliform Behavior in Frozen Foods 1.
Rapid Test for the Recovery of Escherichia coli
from Frozen Foods, Appl. Microbiol. 15:533-238.

24.

Frieber, W.
1921.
Beitrage zur Frage.
B a c t . , Abt I.
87:254.

25.

Food and Drug Administration, Federal Security
Agency, 1944.
Microanalysis of Food and Drug
Products.
Food and Drug Circ. No. 1, p. 9.

26.

Fung, D. Y. C . , and R„ D„ Miller.
1970.
Rapid
Procedure for the Detection of Acid and Gas Pro
duction by Bacterial Culture.
Appl. Microbiol.
20:527-528.

27.

Fung, D. Y. C. and R. D. Miller.
ed Techniques for IMViC Tests.
Technol.
35:328-329.

28.

Frazier, W. C.
1967.
Food M i c r o b i o l o g y .
Hill, Inc. New York, N. Y.
537 p.

29.

Geldreich, E.
E. 1962.
Type Distribution of Coli
form Bacteria in the Feces of Warm-Blooded A n i 
mals.
J. Water Pollution Control Fed. 34:295302.

30.

Geldreich, E.
E. 1962.
The Faecal-aerogenes Flora
of Soils from Various Geographical Areas.
J.
Appl. Bacteriol. 25:87-95.

31.

Geldreich, E.
E. 1966.
Sanitary Significance of
Fecal Coliforms in the Environment.
U.S. Dept,
of the Interior, Cincinnati, Ohio.

32.

Green, Margaret.
1949.
Bacteriology of Shrimp.
IV.
Coliform Bacteria in Shrimp.
Food Res. 14:
365-404.

Cent.

f.

1972.
Miniaturiz
J. Milk Food

McGraw-

33.

Griffin, A. M. and C. A. Stuart.
1940.
An Ecologi
cal Study of the Coliform Bacteria.
J. Bacteriol.
40:83-100.

34.

Hajna, A. A. and C. A. Perry.
1935.
A Comparison
of the Eijkman Test with Other Tests for Deter
mining E. c o l i . J. Bacteriol. 30:479-484.

35.

Hannan, J. and R. H. Weaver.
1948.
Quick Micro
techniques for the Identification of Cultures.
J.
Lab. Clin. Med. 33:1338-1341.

60
36.

Hardin, A. and S. G. Walpole.
1905.
Chemical
Reaction of B. lactis aerogenes (Escherichia) on
Glucose Production of 2 ~, 3-butylese-glycol and
acetylmethylcarbinol.
Proc. Roy. Soc. B.
77:399-402.

37.

Hartley, J. C . , E. R. Vedamuthu and G. W. Reinbold.
1968.
Bacteriological Methods for Evaluation of
Raw Milk Quality.
A Review II.
Bacterial Tests
Used to Measure Milk Quality.
J. Milk Food
Technol.
31:315-332.

38.

Hartman, P. A.
1968.
Miniaturized Microbiological
M e t h o d s . Academic Press, Inc., New York.

39.

Hashimoto, H.
1961.
Hygienic Studies on Enterococcus Group in Milk, Meat, and Their Products,
Especially on Significance as an Indicator of
Pollution.
J. Fac Fish. Anim. H u s b . , Hiroshima
Univ. 3 (2):503-566.
In Dairy Sci. Abstract.
24:402.
1962.

40.

Hendricks, C. W.
1970.
Formic Hydrogenlyase In
duction as a Basis for the Eijkman Fecal Coliform
Concept.
Appl. Microbiol. 19:441-446.

41.

Hyndman, J. B. 1963.
Comparison of Enterococci and
Coliform Organisms in Commercially Produced Pecan
Nut Meats.
Appl. Microbiol. 11:268-272.

42.

Johns, C. K.
1959.
Applications and Limitations
of Quality Tests for Milk and Milk Products.
A
Review.
J. Dairy Sci.
42:
1625-1650.

43.

Kachikian, R., C. R. Fellers, and W. Litsky.
1959.
A Bacterial Survey of Commercial Frozen Breaded
Shrimp.
J. Milk Food Technol. 22:310-312.

44.

Kauffmann, F.
1951.
E n t e r o bacteriaceae.
hagen :Munksgaard, Ejnar Publisher.

45.

Kereluk, K . , and M. F. Gunderson.
1959.
Studies
on the Bacteriological Quality of Frozen Meat
Pies.
II.
A comparison of the Methods for
the Enumeration of Coliforms.
J. Milk Food
Technol.
22:176-178.

46.

Kereluk, K. and M. F. Gunderson.
1960.
Studies
on the Bacteriological Quality of Frozen Meat
Pies.
IV.
Longevity Studies on the Coliform
Bacteria and Enterococci at Low Temperature.
Appl Microbiol. 7:327-328.

Copen

61

47.

48.

Korsch, L. E.
1970.
Rapid Detection of E. coli
in Water by Use of C 1 A . Hygand Sanit. TUSSR)
35:99-103.
14
Koser, S. A.
1923.
Utilization of Salts of
Organic Acids by the Colon-aerogenes Group.
Bacteriol.
8:493-502.

J.

49.

Koser, S. A.
1924.
Correlation of Citrate Utiliza
tion by Members of the Colon-aerogenes Group
with Other Differential Characteristics and with
Habitat.
J. Bacteriol. 9:59-71.

50.

Larkin, E. P., W. Litsky, and J. E. Fuller.
1955.
Fecal Streptococci in Frozen Foods, II.
Effect
of Freezing Storage on Escherichia coli and Some
Fecal Streptocci Inoculated onto Green Beans.
Appl. Microbiol. 3:102-104.

51.

Levin, G. V., V. R. Harrison, and W. C. Hess.
1957.
Use of Radioactive Culture Media.
J. Am. Water
Works Assoc. ]9:1069-1076.

52.

Levowitz, D.
1939.
The Coliform Index.
Technol. 2: 300-30 3.

53.

Liston, J.
1965.
Sanitation in Seafood Production
and Distribution.
J. Milk Food Technol.
28:
152-158.

54.

McCarthy, J. A., A. A. Thoman, and J. E. Delaney.
1958.
Evaluation of the Reliability of Coliform
Density Tests.
Am. J. Public Health, 48:1628. 1635.

55.

McDade, J. J. and R. H. Weaver.
1959.
Rapid Methods
for the Detection of Carbohydrate Fermentation.
J. Bacteriol, 77:65-69.

56.

Moldavan, A. A.
1935.
A Modified Technic for the
Detection of the Escherichia-aerobacter Group in
Milk.
Am. J. Public Health.
25:1032-1033.

57.

Moldvan, A.
1965.
A Simplified Coliform Test for
Milk Products.
J. Milk Food Technol. 28:220-221.

58.

Mossel, D.A.A.
1969.
Microbiological Quality C on
trol in the Food Technol.
32:155-171.

59.

Parr, L. W.
1938.
Coliform Intermediate in Human
Feces. J. Bacteriol. 36:1-12.

J. Milk

62
60.

Parr, L. W.
3:1-48.

61.

Rogers, L. A.
1918.
The Occurance of Different
Types of the Colon-aerogenes Group in Water.
J. Bacteriol. 3:313-328.

62.

63.

1939.

Coliform Bacteria.

Bact.

Rev.

Rogers, L. A., W. M. Clark, and A. C. Evans.
1916.
Colon Bacteria and Streptococci and Their Signi
ficance in Milk.
Amer. J. Public Health, 6:374380.
Rudolfs, W . , L. L. Falk, and R. A. Ragotzkie.
1951.
Contamination of Vegetables Grown in Polluted
Soil.
IV.
Bacterial Decontamination.
Sew.
and Industr. Wastes. 23: 739-751.

64.

Sarma, M. A. and J. A. Koburger.
1971.
Microbial
Survey of Imported Shrimp.
Procedings of the
Gulf and Caribbean Fisheries Institute.
93-99.

65.

Schubert, R. H. W . , and E. Deutsch.
1969.
Der
Einfluss der Bebriitungstemperatur auf die
Angehrate von Escherichia coli in Flussigkeitsk u l t u r . A r c h . Hyg. 1 5 3 - 2 0 5 - i l O .

66.

Sherman, J. M . , and H. U. Wing.
1933.
The Signifi
cance of Colon Bacteria in Milk, with Special
Reference to Standards.
J. Dairy Sci. 16:165173.

67.

Silverman, G. J . , J. T. R. Nickerson, D. W. Duncan,
N. S. Davis, J. S. Schachter, and M. M. Joselow.
1961.
Microbial Analysis of Frozen Raw and
Cooked Shrimp.
I.
General Results.
Food Tech
nol. 15:455-458.

68.

Smith, H. W.
1971.
Incidence of R+ Escherichia
coli in Coastal Bathing Waters of Britain.
Nature. 234:155-160.

69.

Smith, T.
189 5.
Notes on Bacillus coli-communis
and Related Forms, Together wit h Some Suggestions
Concerning the Bacteriological Examination of
Drinking Water.
Amer. J. Med. Sci. 110:283.

70.

71.

S p l i ttstoesser, D. F. and W. P. Werrergreen.
1964.
The Significance of Coliforms in Frozen Vegetables.
Food Technol. 18 (3):134-136.
Stuart, R. Q. and R. H. Weaver.
1948.
A Rapid
Method for Confirmatory Coliform Analysis.
J.
Bacteriol. 56:33.

63
72.

Surkiewicz, B. F.
1966.
Microbiological Methods
for Examination of Frozen and/or Prepared Foods.
J. Assoc. Off. Anal. Chem. 49:276-281.

73.

Surkiewicz, B. F . , J. B. Hyndman, and M. V. Yancy.
1967.
Bacteriological Survey of the Frozen Pre
pared Food Industry.
II.
Frozen Breaded Raw
Shrimp. J. Appl. Bacteriol.
15:1-10.

74.

Sutton, R. R. and V. H.
Mac Farlane.
1947.
Mic
robiology of the Spray-Dried Whole Egg.
III.
Escherichia c o l i . Food Res. 12:474-483.

75.

Swenarton, J. C.
1927.
Can B. coli be Used as
an Index of the Proper Pasteurization of Milk?
J. Bacteriol. 13:449-461.

76.

Thatcher, F. S.
1955.
Microbiological Standards
for Foods:
Their Function and Limitations.
J.
Appl. Bacteriol. 18:449-461.

77.

Thomas, S. B. 1955.
Coli-aerogeses Bacteria in
Raw Milk.
J. Appl. Bacteriol. 18:331-357.

78.

Vanderzant, C . , A. W. Matthys, and B. F. Cobb III.
1973.
Microbiological, Chemical, and Organolep
tic Characteristics of Frozen Breaded Raw Shrimp.
J. Milk Food Technol.
36(5):
253-261.

79.

Varga, S. and G. W. Anderson.
1968.
Significance
of Coliforms and Enterococci in Fish Products.
Appl. Microbiol. 16:193-196.

80.

Wagman, J.
1960.
Evidence of Cytoplasmic Membrane
Injury in the Drying of Bacteria.
J. Bacteriol.
80:558-564.

81.

Weaver, R. H . , W. M. Arnold, Jr., and J. Hannan.
1946.
The Development of Quick Microtechniques
for the Identification of Cultures.
J. Bacteriol.
51:565-566.

82.

Wilkerson, W. B . , J. C. Ayers, and A. A. Kraft.
1961.
Occurance of Enterococci and Coliform
Organisms on Fresh and Stored Poultry Food
Technol. 15:286-292.

83.

Williams, O. B . , H. B. Rees, Jr., and L. L. Ca m p 
bell, Jr. 1952.
The Bacteriology of Gulf Coast
Shrimp.
I.
Experimental Procedures and
Quantitative Results.
Texas J. Sci. 4:49-52.

64
84.

Wilson, G. S., R. S. Twigg, R. C. Wright, C. B.
Hendry, M. P. Cowell, and I. Maier.
1935.
The
Bacteriological Grading of Milk.
Dairy Council,
Med . Res. Council, Spec. Rep. 206 H.M. Stat
ionary, London.
392 p.

85.

Winter, A. R . , G. F. Stewart and M. Wilkin.
1948.
Pasteurization of Liquid-Egg Products.
IV.
Destruction of Coliforms.
Food Res. 13:11-18.

86.

Woodward, R. L.
1957.
How Probable is the Most
Probable Number.
J.Am Water Works Assoc. 49:
1060-1068.

APPENDIX

66

Table A.

Composition of Lauryl Tryptose Broth

Lauryl Tryptose Broth
Tryptose

20.00 g

Lactose

5.00 g

Dipotassium Phosphate

2.75 g

Monopotassium Phosphate

2.75 g

Sodium Chloride

5.00 g

Sodium Lauryl Sulfate

0.10 g

Distilled Water

1.00 liter

Table B.

EC Medium

EC Medium
Bacto-Tryptose

20.00 g

Bacto-Lactose
Bacto-Bile Salts No.

5.00 g
3

1.50 g

Dipotassium Phosphate

4.00 g

Monopotassium Phosphate

1.50 g

Sodium Chloride

5.00 g

Distilled Water

1.00 liter
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